Background: Type II shell evolution has recently been identified as a microscopic cause for nuclear shape coexistence.
Understanding structural changes in nuclei, e.g. the development of coexisting structures with different shapes, is a topic of great interest [1] . In this context the role of the monopole (and quadrupole) parts of the proton-neutron (p-n) interaction has previously been recognized [2] . It has been shown recently that in particular the monopole part of the tensor interaction plays a crucial role for the explanation of shell evolution with varying proton and neutron numbers (type I) [3] as well as for configuration-dependent shell evolution (type II) [4] . While type I shell evolution has been studied extensively, both theoretically and experimentally, cases for type II shell evolution are rare. In particular, data on absolute transition rates for electromagnetic nuclear transitions sensitive to the occurrence of type II shell evolution are still lacking.
Zirconium isotopes show a quick shape phase transition from spherical ground states for 90−98 Zr to deformed ground states in 100 Zr and heavier isotopes [5] . The nucleus 96 Zr has a low-lying excited 0 + state, which could be deformed, and is suggested as an example for exhibiting type II shell evolution driven by the tensor force. In fact, shape coexistence has been suggested in the heavier isotope 98 Zr [1, 6] and has recently been reported for the lighter isotope 94 Zr [7] , albeit a considerable mixing of the coexisting structures was deduced from the sizeable interstructure E2 transition strengths. To answer the question whether shape coexistence occurs in 96 Zr knowledge of electromagnetic transition rates is of utmost importance.
In order to guide the later discussion we briefly review the main points of type II shell evolution due to the tensor force, as presented in [4, 8] . The effect of the monopole part of the tensor force depends on the spin-orbit coupling of the respective orbitals. In the following we use the standard notation for j > = l + s and j < = l − s quantum numbers with spin s = 1 /2 and angular momentum l. The monopole part of the tensor force is attractive between orbitals with different spinorbit coupling (j > − j < and j < − j > ) and repulsive for j > − j > and j < − j < interactions. Thus, a proton excitation from a j < to a j > orbital leads to a reduction of spin-orbit splitting for certain neutron orbitals and vice versa (cf. Fig. 1 of Ref. [8] ). This leads to an increased likelihood for neutrons to occupy j < orbitals, which in turn favors occupation of j > orbitals for protons. This is a self-reinforcing effect, which can stabilize low-lying deformed configurations.
The nucleus 96 Zr is a well-suited candidate for featuring type II shell evolution because lifting protons from p1 /2 , f5 /2 orbitals to the g9 /2 orbital affects the occupancy of neutron orbitals.
It is the purpose of this Letter to report on an electron scattering experiment off 96 Zr which determines the transition strengths of the 2 + 2 state to low-lying states including the first excited 0 + 2 state. The interpretation of the 0 + 2 state and the band built on top of it as a deformed structure is confirmed, the deformation is deduced, and type II shell evolution is identified as the main stabilizing mechanism of the deformed excited states.
The experiment was conducted at the Superconducting DArmstadt LINear ACcelerator (S-DALINAC) using the Lintott high-resolution magnetic spectrometer [9] . Data were taken at scattering angles of 81
• , 93
• , 117
• , and 141
• . An electron energy of 43 MeV was used except for the measurement at 117
• , which was performed The experimental raw data, consisting of many single runs, were efficiency corrected, energy calibrated, and summed. Then, the elastic background was removed assuming identical lineshapes for the peaks corresponding to elastic and inelastic scattering. The number of detected counts A i for each excited state i can be determined by a χ 2 minimization using an empirical line shape tailored to electron scattering experiments [11] . The extracted peak areas allow to determine the strength of the 0
transition relative to that of the 0
transition using a Plane Wave Born Approximation (PWBA) [12, 13] (cf. Fig. 2 ). The Coulomb corrections accounting for the distortion of the electron wave functions by the nucleus cancel in this relative analysis to better than 1 % over the momentum transfer range of interest. Employing the PWBA formalism using Siegert's theorem and expanding the transition strengths B(C λ, q) in powers of the momentum transfer (q) and transition radius (R tr ) yields a relation of experimentally determined peak areas to the ratio of B(E2) values
504 (R tr,1 + ∆R)
where R F (q) denotes a ratio of kinematical factors [12, 13] , R tr,1 is the transition radius of the 2 + 1 state, ∆R = R tr,2 − R tr,1 , and k 1 and k 2 denote the photon point momentum transfers for the excitation of 2 The extracted value of ∆R is consistent with zero with an uncertainty of about ±1 fm. However, the extracted value of T (2
) is largely independent of the choice of R tr,1 (at least up to ±1 fm), see e.g. Fig. 5 of Ref. [12] . Thus, the data are insensitive to a possible difference of transition radii ∆R of the 0 96 Zr has been performed. The model space consists of 1f5 /2 , 2p3 /2 , 2p1 /2 orbitals, and the full sdg shell for protons and the full sdg shell, plus 1h11 /2 , 3p3 /2 , and 2f7 /2 orbitals for neutrons. This model space is considerably larger than that of previous shell model calculations (see, e.g., [17] ). Details of the shell model calculation can be found in the preceding Letter [18] . A comparison of transition strengths between low-lying states to the experimental values using effective charges e p = 1.3 e and e n = 0.6 e is shown in Tab. I.
The enhanced 2 the finite B(M 1) value between the 2 + states, which originates from a delicate mixing of the two configurations and hints at a small but finite mixing of the spherical and deformed states.
As both, a deformed and a spherical configuration, coexist at low energies, it is instructive to look at the data in a two-state model (TSM) analysis. Assuming that the experimentally observed states (l.h.s. of Fig. 3 ) are mixtures of deformed and spherical structures their wave functions can be written as
where α, β, γ, and δ are amplitudes normalized to α 2 + β 2 = γ 2 + δ 2 = 1. Using the experimental excitation energies of these states and the observed transition strengths B(E2; 2 2 ) as input data, the mixing amplitudes can be computed under the assumption that the mixing matrix element V mix between the spherical and deformed structures is identical for the 0 + and 2 + states and E2 matrix elements between pure configurations vanish. Carrying out the calculation yields
Thus, the states are decoupled to a very good approximation, which is also supported by β decay data [19] . also provides information on them and hence can be compared to the shell model results. In this case it is justified to interpret the shell model states as an approximation to the pure states of the TSM (cf. r.h.s of Fig. 3 . Mixing the shell model states with the deduced mixing matrix element V mix leads to B(M1; 2 N is reasonably close to the experimental value (Tab. I), which again suggests that the different shapes coexist with little mixing. Type II shell evolution has been established as the underlying mechanism for stabilizing such a structure.
To gain further insight into this mechanism we turn to the shell-model results in terms of occupation numbers summarized in Tab. II. For the ground state of 96 Zr all orbitals below the Z = 40 and N = 56 subshell closures are, to good approximation, filled and those above the subshell closures are empty. The structure of the 2
state is similar to that apart from one neutron excited from the 2d5 /2 orbital to the 3s1 /2 orbital. The deformed 0 + 2 and 2 + 2 states are also very similar to one another, but markedly different from the spherical states. On average three protons are excited from the pf shell to the 1g9 /2 orbital. In addition a total of three neutrons are excited from the 2d5 /2 and the 3s1 /2 orbitals to the 2d3 /2 , 1g7 /2 , and 1h11 /2 orbitals. The large fragmentation of the resulting wave function in terms of spherical shell-model components is indicative of deformation.
The difference of occupation numbers between spherical and deformed states (Fig. 4) can be understood in terms of type II shell evolution. For the deformed 0 + 2 and 2 + 2 states the protons in the 1g9 /2 orbital (j > ) lead to a reduction of spin-orbit splitting in the neutron sector caused by the monopole part of the tensor force. This effect is enhanced by the fact that the protons are excited to the 1g9 /2 orbital predominantly from j < orbitals in the pf shell (l.h.s. of Fig. 4) . The difference in single particle energies between the 2d5 /2 and 1g7 /2 orbitals is reduced from 4.0 MeV for the spherical states (N = 56 subshell closure) to 2.1 MeV for the deformed states [18] . Additionally, the neutron single particle energies of the deformed states are more densely packed around the Fermi energy, which explains the fragmentation of the wave function. The increased occupation number of the ν 1h11 /2 orbital seems to contradict the above said, however, it is due to the central force which outweighs the effect of the tensor force for the interaction of the ν 1h11 /2 -π 1g9 /2 orbitals. In the deformed states the neutrons are more likely to occupy j < levels than in the spherical states (r.h.s. of Fig. 4 ). This in turn leads to an increase in spin-orbit splitting in the proton sector. The present shell model calculation shows that the 2p1 /2 -1g9 /2 gap in the proton effective single particle energies is lowered from 3.3 MeV in the spherical states (Z = 40 subshell closure) to approximately 1.2 MeV in the deformed states. Thus, the self-reinforcing effect of type II shell evolution is evident for the nucleus 96 Zr.
To summarize, electron scattering has been used to measure the 0 nism for the shape coexistence of this low-lying deformed state and the band build on top of it. Thus, the nucleus 96 Zr represents the first example of type II shell evolution supported by the measurement of electromagnetic observables.
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